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Abstract 
This study examined psychometric qualities of the memory subscales Paired 
Associates Learning and Free Recall of the VAT-E, the newely developed extended version 
of the Visual Association Test (VAT). The VAT-E consists of two effort indexes (Immediate 
Recall and Delayed Recall) and three memory subscales (Paired Associates, Free Recall, 
Multiple Choice). Previous research concentrated on the performance validity subscales and 
concluded that the VAT-E can distinguish malingering persons involved in lawsuits from 
MCI/AD patients and healthy controls (Meijer, de Jonghe, Schmand and Pons, 2017). The 
three memory subscales however were not evaluated yet. Ceiling effects exist in Paired 
Associate learning index of the original VAT (Lindeboom et al, 2002). We expected VAT-E 
memory indexes Paired Associate learning and  Free Recall to show a normal distribution in 
healthy controls assuming that extension of items from 6 and 12 to 24 on the Paired Associate 
learning index and 48 items on the Free Recall index would be difficult enough to avoid 
ceiling effects in healthy controls. Moreover we expected a strong correlation between the 
memory subscales and the Cognitive Screening Test (CST) measuring severity of cognitive 
impairment. 
We evaluated data of 254 healthy controls and 102 geriatric outpatients of whom 76 
were diagnosed with Mild Cognitive Impairment and 26 with Alzheimers’disease. We used 
the VAT-E memory subscales Paired Associates and Free Recall and the Cognitive Screening 
Test (CST). Visual inspection of the distributions, Shapiro-Wilk-tests, examination of the 
degree of skewness, inspection of the Wilk statistics, linear regression analysis, inspection of 
unstandardized residuals and transformation were used to analyse the data. 
Results showed that the Free Recall index is normally distributed in the healthy 
control group and thus statistically valuable in assessing even very mild episodic memory 
impairment as well as good and outstanding memory. Visual inspection of the Paired 
Associate distribution showed still a  negatively skewed distribution in healthy controls. 
However, statistical analyses examining the distribution in several ways could not establish a 
clear ceiling effect. Moreover we showed that severity of cognitive impairment is associated 
with episodic memory impairment as measured with the VAT-E.  
Thus, mild cognitive impairment can be detected with the VAT-E in a very early stage 
giving the opportunity to take precautions with regard to social support, neuro-psychological 
treatment, health care in general and family counselling. Present findings indicate that the 
VAT-E is a statistically valuable instrument measuring episodic memory in MCI and AD 
patients as well as in healthy controls.  
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1. Introduction 
Long-term memory is the mechanism which gives us the possibility to learn and store 
information and personal experiences for possible retrieval in a future moment (Groome, 
2014). There are three stages in learning new information and memory processing: encoding, 
storage and retrieval. The first stage refers to the newly perceived information which has to be 
learned (encoded). It is the transformation of information coming from external perceptual, 
sensory, spatial or temporal details into a mental representation (Tromp, Dufour, Ligtfous and 
Depres, 2015).  Storage is the consolidation of this information and has to be successfully 
completed before the third stage, retrieval, is possible. Retrieval processes include 
reactivation of mental representations returning the individual to his or her conscious 
experience of the event (Tulving, 2002). Memory word span in healthy persons is 
approximately six to seven items, whereas with increasing age mean scores in recall of words 
decrease until the mean of four items at the age of 78+ (Lezak, 2014).  Moreover is the 
capacity of learning and remembering items in a certain time limit dependent on several 
factors for example age, decay of information, interference, context and depth of processing 
of the information (Baddeley, Eysenck, Anderson, 2009). Meaning and significance of daily 
life events are very important when information processing takes place to establish good 
memory performance (Craig and Rose, 2012). 
Increasing age affects the quality of memory, especially episodic memory, as changes 
in volume of the hippocampus in the medial temporal lobe and frontal cortex, thinning of 
white matter tracts, decrease in neuronal numbers and size and reductions in dopamine 
production occur (Tromp et al, 2015).  Episodic memory is a cognitive system that enables an 
individual to record, store and retrieve information about personal experiences and the 
temporal and spatial context of those experiences (Groome, 2014) and declines steadily 
during adulthood in contrast to semantic memory which is maintained, measured for example 
with vocabulary knowledge (Baddeley, Eysenck & Anderson, 2009). Impairment of episodic 
memory follows a predictable route, known as Ribot’s law: memories acquired recently are 
more vulnerable than memories established some time ago. Episodic memory depends on 
temporal lobe structures, the hippocampus, entorhinal and perirhinal cortex as well as on 
frontal lobe structures e.g. the medial septum, Broca’s area, the mammillothalamic tract and 
the thalamus. A lesion in these area’s may cause impairment of episodic memory (Budson and 
Price, 2007). Decline in episodic memory is a hallmark of dementia, especially Alzheimer’s 
disease (Baddeley, Kopelman and Wilson, 2004). The memory deficit in dementia is usually a 
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decreased performance on recall and recognition indicating decline in encoding and storing of 
information (Clark et al, 2012).  
However, longitudinal data showed much individual variability in memory 
performance (Clark et al, 2012) and the difference between normal aging and pathology may 
be subtle (Vandenberghe et al 2005). Identifying cognitive decline in a very early stage has 
become an important challenge (Petersen, 2001; Spaan, 2016) and coping with the situation 
may significantly improve with early diagnosis of a probable disease that is the cause of the 
cognitive and behavioural changes (Vandenberghe, 2005). 
 Standardized memory tests, often word lists, are widely used for clinical and research 
purposes measuring individual differences in order to assess impairments due to disease. 
However, Uttl (2005) showed that most widely used memory tests – VPA and Word List tests 
of the WMS-III, RAVLT and CVLT are afflicted by severe ceiling effects and that differences 
in memory abilities are much greater than what is suggested by these tests. Ceiling effects 
occur if a test is relatively easy and high scoring participants as well as patients with very mild 
cognitive impairment may answer every item correctly and reach the maximum score, or 
ceiling, of the particular test. This effect may cause problems for statistical analyses reducing 
the true range of scores and variance (Efferit, 2002). The latter is the consequence of 
abbreviation of values of one or more variables being correlated leading to an impact on score 
validity and score reliability (Weber, 2001). The true ability of the person is not correctly 
measured and can lead to a wrong interpretation of scores and an underestimation of true 
memory capacity (Wang, Zhiyong,  McArdle & Salthous 2009).  Ceiling effects should be 
avoided because they limit the ability of tests to distinguish differences among higher 
performing subjects and underestimate the variability among individuals and reduce the true 
range of scores. Consequences are  non-normal distributions of scores, artificially low means 
and small standard deviations, and attenuated reliability and validity (Uttl, 2005). Ceiling 
effects result in serious skewness with a substantial percentage of 15% as a conservative 
approach and 20% as a more liberal approach of scores at the upper range of the distribution 
(Andresen et al, 2000). Examining skewness as being an index of asymmetry is one way to 
explore ceiling effects (Ho et al, 2014). Skewness in a normal distribution is supposed to be 
zero. The degree of skewness and non-normality can be examined by statistical and graphical 
methods (Tabachnik et al, 2007). 
Widely used neuropsychological assessments testing episodic memory are the 
Cognitive Screening Test (CST; de Graaf & Deelman 1991), the Mini Mental State 
Examination (MMSE; Folstein, Folstein, &HcHugh), the Rey Auditory Learning Test 
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(RAVLT; Rey, 1964; Schmidt, 1996) and the Verbal Paired Associates and Word List tests 
from the Wechsler Memory Scales (WMS; Wechsler, 1997). A test that is also very often part 
of a neuropsychological test battery and assesses episodic memory is the Visual Association 
Test (VAT) based on associative learning (Lindeboom, Schmand, Tulner, Walstra & Jonker, 
2002).  The primary characteristic of the VAT is the automatic memory process that is 
involved in incidental, uneffortful, and unconscious learning of daily events (Lindeboom, 
Schmand, Meijer, de Jonghe, 2014) in contrast with intentional learning. A visual target 
stimulus is connected to a visual cue stimulus. This image is automatically stored as a 
memory trace and even days later, by mentioning the cue stimulus the target stimulus can be 
remembered. This strategy leads to an increasing performance in learning Paired Associate 
material but is less effective in a person suffering from anterograde amnesia which is the most 
specific property when developing Alzheimer’s disease (Lindeboom, 2002). Fuchs et al 
(2012) conclude that the VAT is an accurate test to assess memory impairment without 
interference of language or educational level. The VAT consists of immediate and delayed 
recognition and paired associate learning tasks. Combining these tasks can be useful for 
differential diagnosis of cognitive decline (Bennett, Golob, Parker, Starr, 2007). Recently, the 
VAT has been extended from a twelve to a twenty-four items test, named the Visual 
Association Test Extended (VAT-E) (Lindeboom et al, 2014). This newly developed test 
measures symptom validity as well as episodic memory performance. Extension of items was 
initiated for several reasons. First, a retest was not quite possible with just two parallel 
versions of a test. Learning effects could occur and bias results (Lindeboom et al, 2014).  To 
avoid those retest effects parallel versions of a test are desirable. Until then only version A 
and version B, both containing 6 items were available. It is important to monitor cognitive 
decline in e.g. Alzheimer disease and other conditions and to evaluate treatment, making re-
tests and parallel vorms necessary. Secondly, research showed ceiling effects with the six and 
twelve item VAT in healthy controls (Lindeboom et al, 2014).  
Recent VAT-E research concentrated on performance validity subscales and 
concluded that the VAT-E can distinguish malingering persons involved in lawsuits from 
MCI/AD patients and healthy controls (Meijer et al, 2017). Oudshorn, de Jonghe, Scheeren & 
Spaan (2015) e.g. underlined the importance of  VAT-E learning indexes similar to the Dutch 
version of the Rey Auditory Verbal Learning Test. Moreover, it was shown that less effort of 
executive control is necessary to complete the VAT-E in comparison to other memory tests 
based on intentional learning. However, not much is known about the extended VAT- E Free 
Recall and Paired Associate score distributions in normal controls. Of particular interest is 
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whether potential ceiling effects on the VAT-E memory indexes can be avoided by using 
twice the number of test items. Similar research between the original Rivermead Behavioural 
Memory Test (RBMT) and its third version showed a significant improvement of the ceiling 
effect after extending the test with several different trials and subtests (Wester et al, 2013). 
Moreover, Cohen, Swerdlik, & Stuurman (2013) suggested that a greater range of items at the 
higher range of the test can be a remedy.  
One aim of this study is to contribute to developing a test which is able to differentiate 
between persons who can remember normally and persons who can remember very well. 
Such a test is statistically preferable. If the scores are afflicted by ceiling effects, the scores of 
persons with episodic memory problems could be incorrect based on the norm scores of the 
healthy controls. Demographic variables for example gender, age and educational level could 
be confounding factors. A test with a normal distribution in healthy controls would mean that 
the new test can measure precisely, estimation of scores and norms are reliable, and persons 
with above-average memory capacity can be detected through this test.  
The first hypothesis is that healthy controls show a normal score distribution on  
VAT-E Free Recall and Paired Associate indexes. Second hypothesis is the Paired Associates 
and Free Recall distribution being normal, independent of the demographic variables. If there 
is a ceiling effect found, confounding variables for example gender, age and educational level 
could partly cause the ceiling effect.  
Research showed that monitoring cognitive decline as seen in Mild Cognitive 
Impairment (MCI) and Alzheimer’s disease (AD) is possible with the original VAT and that 
few if any floor effects exist (Meijer et al, 2016). However, associations between VAT-E 
memory performance and severity of cognitive decline have not been evaluated yet. Therefore 
our second aim was to examine whether the memory indexes Paired Associates and Free 
Recall of the VAT-E are associated with severity of cognitive impairment as measured with 
the Cognitive Screening Test (CST). The CST as a screening tool for dementia  has been 
proven to be reliable (Dautzenberg, Schmand, Vriens, Deelman & Hooijer, 1991). Compared 
with another frequently used screening tool, the MMSE (Mini Mental State Examination), the 
CST has a much higher specificity. Moreover, the educational level of patients does not 
influence the scores in contrast to the MMSE and administration costs less time (Dautzenberg 
et al, 1991). Furthermore, establishing a strong correlation between the Cognitive Screening 
Test and the scores on the indexes Paired Associates and Free Recall would prove that the 
assumption of measuring severity of cognitive decline with the VAT-E is met. The third 
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hypothesis is that there is a strong correlation between the CST and the memory indexes of 
the VAT-E .  
2. Method 
This was a cross-sectional observational study examining psychometric aspects of the 
VAT-E memory subscales. It is part of an ongoing project for the development of the VAT-E.  
2.1. Participants 
For this study an already existing database of healthy controls and AD/MCI patients 
was used. Two hundred fifty- four healthy controls were included in the study recruited from 
patient’s family members, friends and colleagues who joined the study as a volunteer. The 
AD/MCI patients were recruited from the outpatient memory clinic of the department of 
geriatric medicine of the North West Hospital Group in Alkmaar, The Netherlands. 
2.2. Procedure 
Testing took place either at the hospital or at the participant’s homes. At the start of 
the examination each participant was asked to fill in an informed consent. Standard screening 
questions were used to determine eligibility for the study. Participants had to be proficient in 
the Dutch language. They were not eligible if they had severe traumatic brain injury, brain 
tumor, epilepsy, multiple sclerosis, Parkinson’s disease, a psychiatric disorder or treatment in 
the past for addiction to alcohol or drugs. Education level was categorized according to 
Verhage (Verhage, 1964) which ranges from level one to level seven. Level one for example 
represents less than elementary school, level seven represents university education. 
The tests used in this study contained the following:  
The Visual Association Test Extended (VAT-E) is a recently developed 
neuropsychological test that contains several subtests based on the visual association strategy 
to memorize (Meyer et al, 2017). The test consists of twenty-four black and white line 
drawings containing target-stimuli and cue-stimuli. First the target stimulus, for example a 
dog, is presented in two trials. The participant is instructed to remember the pictures. In the 
second step target stimuli are presented together with cue stimuli, pairs of unrelated objects or 
animals, for example the dog riding on a bicycle. The participant is asked to tell which object 
or animal was first and which one was last presented. After fifteen minutes the same task is 
assessed to test delayed recognition. The agreement between both, the immediate recognition 
and the delayed recognition, is the consistency measure. After this a paired associate learning 
task is administered. The target stimuli are shown again and the participant has to name the 
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object or animal which was originally added. Next the participant is asked to recall as much 
objects or animals as possible (Free Recall). Last, in the multiple choice task target stimuli are 
presented again but now the participant has to point out the right cue stimulus out of four 
alternatives (forced choice). The first three subtests Immediate Recall (IR), Delayed Recall 
(DR), Consistency Measure (CM) are recognition tasks, the following three subtests Paired 
Associates (PA), Free Recall (FR) and Multiple Choice (MC) are testing memory 
performance.  
Severity of cognitive impairment can be measured with the Cognitive Screening Test 
(CST; De Graaf & Deelman, 1991). Twenty questions are asked concerning orientation in 
time, place and person and questions concerning actual knowledge of facts. The scores range 
from 0 to 20. Impairment is at less than a score of 13. The Cognitive Screening Test is 
comparable to the Mini-Mental State- Examination (MMSE; Folstein, Folstein, &HcHugh, 
1975) and has a high reliability with a Cronbach’s Alpha of 0.89 and a test-retest reliability of 
0.80  (Dautzenberg et al.,1991). 
2.3. Statistical analysis 
The data were analyzed with statistical software SPSS 21 (SPSS Inc., Chicago, IL). To 
examine the distribution of scores the memory scales were visually inspected with a 
histogram. Secondly, Shapiro Wilk tests were used to examine the normal distribution of 
VAT-E Paired Associates and Free Recall scores on healthy controls. Score distribution was 
considered normal if indexes were not significant. Next, the degree of skewness was 
calculated. The skewness for a normal distribution should be zero or near zero. Negative 
values for the skewness indicate that the distribution is skewed left. Positive values for the 
skewness indicate that the data are skewed right. Moreover the Wilk statistic was examined. If 
the Wilk statistic is larger than W>0.900 a normal distribution could be assumed. Moreover 
the ratio between the skewness statistic and standard error was explored. No skew is achieved 
when the outcome is plus or minus three, in other words the distribution would have been 
positively respectively negatively skewed. These ways of inspecting the distribution of the 
scores of the memory subscales indicated whether or not there was a ceiling effect. Further 
inspection however was necessary. Possible influencing confounders and (non-) significant 
predictors like gender, age and educational level were examined as well as the unstandardized 
residuals with regard to distribution and skewness. Moreover a possible solution to handle 
ceiling effects e.g. through transformation of variables, was explored. 
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Next, a Spearman Rho correlation was computed between the CST results of healthy 
controls and AD/MCI patients and the VAT-E indexes Paired Associates and Free Recall. To 
avoid wrong interpretations, as in case of a spurious relationship or restriction of range, 
scatterplots were also inspected to check whether the scores are evenly distributed.     
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3. Results 
3.1.  Descriptives 
A total of 254 healthy controls and 102 patients with MCI and AD were included in this 
study. Healthy controls were relatively young and higher educated than the participating 
patients. Demographic characteristics of the participants are shown in table 1.  
 
Table 1:Demografic data (n=356)  
 Healthy controls MCI patients AD  patients 
p-value (Kruskal Wallis 
Test/post hoc Mann 
Whitney U Test) 
Number of subjects 254 76 26  
Female/Male 161/93 37/39 14/12 p=0.06 
Age (M(SD); years) 52.89 (16.24;18-88) 76.17 (5.99; 62-91) 79.54 (6,68; 68-89) p<0.01(KW) 
HC vs MCI; p < 0.01 
HC vs AD; p < 0.01 
MCI vs AD; p < 0.05 
Educational level 5.36 (1.12; 2-7) 4.26 (1.07; 1-7) 4.31(1.01; 2-6) p<0.01( KW) 
HC vs MCI; p < 0.01 
HC vs AD; p < 0.01 
MCI vs AD; p=0.86 
CST  18.97 (1.24;15-20) 15.96 (2.02; 8-20) 13,64 (2.74; 5-18) p < 0.01(KW) 
HC vs MCI; p < 0.01 
HC vs AD; p < 0.01 
MCI vs AD; p < 0.01 
CST=Cognitive Screening Test; Educational level according to Verhage scale (1=less than elementary school, elementary 
school not finished, 2= elementary school finished, 3= elementary school finished and further education less than two years, 
4= lower than MULO/MAVO (LTS, LEAO, LHNO), 5=MULO, MAVO, MEAO, 6=HAVO, HEAO, HBS, HBO, 
6=VWO/university. 
 
Mann-Whitney-U-tests between the groups showed further significant differences. Not 
surprisingly, as many controls were the primary care giving son or daughter of the patient, 
they were relatively young. Their high education level may well reflected a cohort effect. 
Global cognitive impairment was more severe in the AD patient group compared to MCI 
patients.  
3.2.  Visual inspection of the memory indexes Paired Associates and Free 
Recall 
As this is a study on VAT-E Memory indexes for Paired Associate learning and Free Recall, 
all Performance Validity subtests will not be analysed and discussed at length. Paired 
Associate learning appeared to be negatively skewed in healthy controls resulting in a ceiling 
effect on the Paired Associate index. Free Recall however showed a normal distribution in 
contrast to the positive skew in MCI and AD patients on both memory indexes.   
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Figure 1. VAT-E Paired Associate Learning and VAT-E Free Recall Total Score Distribution 
in Healthy Controls (n=254) 
 
 
 
 
 
Figure 2. VAT-E Paired Associate Learning and Free Recall Total Score Distribution in MCI 
patients (n=76). 
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Figure 3. VAT-E Paired Associate Learning and Free Recall Total Score Distribution in AD 
patients (n=26) 
 
 
 
3.3. Effect of demographic variables on VAT-E memory indexes’ distribution 
None of the regression weights gender, age and education were significant in healthy 
controls or in any of the groups of the memory index Paired Associates. Still, gender had the 
highest unique contribution or semi-partial correlation (this is the correlation between the 
unique part of the independent variable X with the dependent variable Y. Overlap from other 
variables is removed) in AD patient scores followed by education. Thus, none of the 
examined predictors had a significant influence on the distribution of scores. 
 
Table 2: standardized regression weights, p values and semi-partial correlations of the  
index Paired Associates 
 Beta(standardized 
regression weight) 
p-value Semi-partial 
correlation 
Healthy controls    
- gender 
- age 
- education 
B = -0.113 
B = -0.125 
B = 0.013 
p = 0.082 
P = 0.063 
p = 0.851 
r = -0.109/1.19% 
r = -0.117/1.37% 
r =0.012/0.01% 
 MCI patients    
- gender 
- age 
- education 
B = 0.145 
B = 0.015 
B = -0.129 
p = 0. 233 
p = 0.895 
p = 0.292 
r = 0.140/1.96% 
r = 0.015/0.02% 
r = -0.123/1.51% 
AD patients    
- gender 
- age 
- education 
B = 0.351 
B = -0.033 
B = -0.250 
p = 0.100 
p = 0.870 
p = 0.236 
r = 0.339/11.4% 
r = -0.033/0.10% 
r = -0.241/5.80% 
VAT-E Paired Associates 
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The regression weights of the index Free Recall showed significance on all three 
confounders in the healthy control group in contrast to the patient groups where only gender 
in AD patients has a significant influence on the scores with a unique part of gender of 
17.30%. However, as this study focussed on the healthy control group this will not be 
discussed at length. The semi-partial correlation of gender, age and education still remained 
relatively low in the healthy control group.  
 
Table 3: standardized regression weights, p values and semi-partial correlations of the index 
Free Recall 
 Beta (standardized 
regression weight) 
p- value Semi-partial 
correlation 
Healthy controls    
- gender 
- age 
- education 
B =-0.199 
B =-0.243 
B = 0.291 
p<0.01 
p<0.01 
p<0.01 
r=-0.192/3.6% 
r=-0.227/5.1% 
r=0.267/7.1% 
MCI patients    
- gender 
- age 
- education 
B = -0.175 
B = 0.063 
B = 0.069 
p=0.149 
p=0.593 
p=0.568 
r=-0.169/2.8% 
r=0.062/0.3% 
r=0.066/0.4% 
AD patients    
- gender 
- age 
- education 
B = 0.426 
B = -0.066 
B = -0.099 
p<0.05 
p=0.744 
p=0.630 
r=0.416/17.30% 
r=-0.065/0.42% 
r=-0.097/0.94% 
VAT-E Free Recall 
3.4. Tests of normality 
Free Recall showed a normal distribution in healthy controls. Paired Associate 
learning however did show a ceiling effect in healthy controls. In accordance with an 
assumed intact episodic memory Paired Associate total test score was negatively skewed. 
Patients with mild cognitive impairment showed a reverse pattern compared to healthy 
controls. Paired Associated learning on the VAT-E was slightly, but significantly positively 
skewed. Similar to healthy controls MCI patients Free Recall scores were normally 
distributed. AD patients’ Paired Associates scores seemed to be  slightly positively skewed, 
albeit not significant, and Free Recall of learned material also showed a positively skewed 
distribution of scores (table 4; table 5). 
 
Table 4 : Skewness statistic/SE 
VAT-E Healthy controls MCI patients AD patients 
PA -0.954/0.153= -6.24 0.875/0.276=3.17 1.353/0.456=2.97 
FR -0.133/0.153=-0.87 0.764/0.276=2.77 1.592/0.464=3.43 
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Table 5: Shapiro-Wilk test and Wilk statistic 
VAT-E Healthy controls MCI patients AD patients 
PA W= 0.900, p<0.01 W=0.877; p<0.01 W=0.861; p<0.05 
FR W= 0.990, p=0.081 W=0.946; p<0.01 W=0.804;p<0.01 
PA = Paired Associates; FR = Free Recall; W = Wilk Statistic.. 
 
Shapiro Wilk tests indicated no significance with regard to the index Free Recall in the 
group of healthy controls in contrast to all other groups on both indexes.  
3.5. Normality tests of unstandardized residuals 
Previous analyses indicated skewed score distributions on the VAT-E indexes Paired 
Associates and Free Recall. Inspection of regression analysis of unstandardized residuals 
showed that, even after controlling for biographical data VAT-E Paired Associates scores 
were negatively skewed in healthy controls. All other scores in the different groups showed a 
normal distribution except MCI patients with Paired Associates scores slightly positively 
skewed.  
 
Table 6:  Skewness-statistic of unstandardized residuals /SE 
VAT-E Healthy controls MCI AD 
PA  -0.910/0.153= - 5.947 0.860/0.276=3.11 0.993/0.456=2.177 
FR -0.003/0.153= - 0.016 0.753/0.276=2.728 1.071/0.464=2.308 
 
Table 7: Shapiro-Wilk test/Wilk statistic of the unstandardized residuals 
VAT-E Healthy controls MCI AD 
PA W=0.921, p < 0.01 W= 0.903, p<0.01 W=0.941, p=0.158 
FR W=0.996, p = 0.682 W= 0.959, p<0.05 W= 0.921, p=0.05  
 
Shapiro-Wilk test of unstandardized residuals is significant concerning the index Paired 
Associates in the Healthy Control group and MCI patients and the index Free Recall in MCI 
patients. AD patients’ unstandardized residuals are borderline significant with a p value of 
0.05.  
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3.6. Normalization of data 
Normalizing data with a reflected Log10 or a reflected square root transformation did 
achieve normality in the Paired Associate scores of healthy controls. A reverse pattern is 
shown in the Paired Associates index of MCI and AD patients.  
 
Table 8: Skewness statistic/SE after Log 10 and Square root transformation of PA VAT-E 
scores 
 PA Healthy controls PA MCI patients PA AD patients 
Skewness statistic/SE 
after log 10 
transformation 
 
-0.352/0.153= - 2.30 -1.686/0.276= - 6.10 -2.546/0.456= - 5.58 
Skewness statistic/ SE 
after square root 
transformation 
0.319/0.153 = 2.08 0.422/0.545=0.77 -1.895/0.456= - 4.15 
 
3.7. Group effects of VAT-E memory indexes Paired Associate Learning and 
Free Recall 
As mentioned earlier, VAT-E performance validity subtests will not be analysed and 
discussed at length as this a study about the memory subscales Paired Associates and Free 
Recall.  
Table 7: Mean, SD, Range, Kruskal Wallis Test (KW) and Mann Whitney U Test (MW) on 
the VAT-E indexes for Healthy Controls, MCI and AD patients  
 HC 
n= 254 
MCI  
n= 76 
AD  
n=26 
p- value KW  
 
p- value MW 
VAT-E      
PA 18.18 (5.24; 1-24) 7.76 (6.50; 0-23) 4.27 (4.23; 0-18) P<0.01 
 
HC vs MCI; p < 0.01 
HC vs AD; p < 0.01 
MCI vs AD; p < 0.05 
FR 26.36 (8.50; 5-48) 6.09 (3.99; 0-17) 3.60 (4.22; 0-16) P<0.01  
 
HC vs MCI; p < 0.01 
HC vs AD; p < 0.01 
MCI vs AD; p < 0.01 
MC 11.94 (0.25; 10-12) 9.61 (2.66; 2-12) 7.23 (3.44; 1-12) P<0.01 
 
HC vs MCI; p < 0.01 
HC vs AD; p < 0.01 
MCI vs AD; p < 0.01 
(….): SD and range lowest-highest score 
 
Significant and clinically interesting group differences were found on the memory indexes 
Paired Associates (PA), Free Recall (FR) and Multiple Choice (MC). Healthy controls’ PA 
mean score is approximately 76 % of the total score which means that the majority of the 
participants have a score on the upper range of the scale underlining a possible ceiling effect. 
Clinically it means that healthy controls can complete the Paired Associate learning relatively 
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easy. Maximum scores of 23 and 24 are achieved by 24 (9.45%) respectively 36 (14.2%) 
healthy controls. MCI and AD patients only achieve 32 %, respectively 18 % on average of 
the total score and score mainly at the lower range of the scale indicating a slightly positive 
skew in the distribution as previous analyses showed. Achieving maximum points is a 
challenge for MCI and AD patients. Between MCI and AD patients there were also significant 
differences as AD patients scored 3.49 points on average lower than MCI patients.  
Significant differences were found between the groups concerning the Free Recall index. 
The mean score of healthy controls was 55% of the total possible score which indicated a 
normal distribution. Few participants completed the Free Recall in the higher range of the 
scale, meaning that this scale probably differentiates a good, a very good and an outstanding 
memory as well as a poor memory. Differences between healthy controls’ FR mean scores 
and MCI/AD patients’ FR mean scores are large and statistically significant followed by 
significant differences between MCI  and AD patients. Achieving scores at the higher range 
of the instrument is difficult for MCI and AD patients if not impossible. Most MCI/AD 
patients score at the lower range of the scale which explains the slightly positive skew of the 
distribution. 
 The mean differences in the recognition subscale Multiple Choice are less large but 
nevertheless significant between healthy controls and MCI/ AD patients. In all three groups 
the maximum score of 12 is achieved although in the group of healthy controls only 13 of 254 
participants had another score than the maximum score in contrast to MCI patients and AD 
patients where 27 of 76 and respectively 1 of 26 patients achieved the maximum score. MCI 
and AD patients’ scoring is on average 7.23- 9.61 points out of 12 points. 
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3.8. Relationship between the Cognitive Screening Test (CST) and the memory 
indexes Paired Associates and Free Recall measuring severity of cognitive 
impairment 
Non parametric Spearman Rho correlation showed a significant relationship between 
severity of cognitive impairment, measured with the Cognitive Screening Test (CST) and 
scores of AD patients on the index Free Recall (r = 0.525, p = 0.007) followed by MCI 
patients on the Paired Associates index (r = 0.294, p = 0.01). No significant relationship could 
be established on the Free Recall index of MCI patients as well as the Paired Associates scale 
of AD patients.  
 
Table 8: Correlation between CST and the memory indexes Paired Associates (PA) and Free 
Recall (FR) 
 PA HC PA MCI PA AD FR HC FR MCI FR AD 
CST r = 0.117;  
P = 0.111 
r = 0.294** 
P = 0.010 
r = 0.091; 
P = 0.659 
r = 0.208**; 
P = 0.004 
r =0.159; 
P = 0.170 
r = 0.525**; 
P = 0.007 
(*) significant at the 0.05 level (2-tailed), 
(**) significant at the 0.01 level (2-tailed) 
 
An amount of 27.5% of the variance of cognitive impairment severity can be explained with 
VAT-E Free Recall index in AD patients. Restriction of range might be the cause of the weak 
correlation in healthy controls. 85.5% score in the range between 18, 19 or the maximum of 
20 points as well as MCI patients scoring 86.8% above 13.5 points (cut-off score). 
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4. Discussion 
This study explored the score distributions of Paired Associate Learning and Free Recall as 
measured with the VAT-E, a newly constructed extended version of the Visual Association 
Test (VAT). The original VAT is a widely used test assessing episodic memory.  Ceiling 
effects exist in the Paired Associate learning index of the original VAT (Lindeboom et al, 
2002). We expected VAT-E memory index Paired Associate learning and  Free Recall to 
show a normal distribution in healthy controls assuming that extension of items from 6 and 12 
to 24 on the Paired Associate learning index and 48 items on the Free Recall index would be 
difficult enough to avoid ceiling effects in healthy controls. Results showed that the Free 
Recall index is normally distributed in the healthy control group and thus statistically valuable 
in assessing even very mild episodic memory impairment as well as good and outstanding 
memory. Visual inspection of the Paired Associate distribution showed a negatively skewed 
distribution. However, statistical analyses examining the distribution in several ways showed 
a negatively skewed distribution but could not establish a clear ceiling effect.  
The criterion for a floor or ceiling effect is described among others by Andresen 
(2000) differentiating between the conservative approach of 15% of the scores at either end of 
the range as floor – or ceiling effects and a more liberal approach of  20%. As the maximum 
score of 24 in the Paired Associate index was reached by 14.2%, this is still below a ceiling 
effect. Few other researchers stated clear criteria for ceiling or floor effects describing them as 
maximum or near maximum scores. In our sample 9.45% scored a near maximum of  23 in 
the Paired Associates index. Together with the maximum score of 24 this would mean a 
percentage of 23.65% at the higher range of the distribution which would indicate a slight 
ceiling effect assuming the liberal approach.  
Secondly we examined associations between severity of cognitive impairment as 
measured with the Cognitive Screening Test (CST), and memory indexes of the VAT-
Extended. Moderate associations were found between CST scores and Free Recall scores in 
AD patients explaining 27.5% of the variance. Restriction of range might be the cause of a 
weak but significant correlation between CST and VAT-E Free Recall in healthy controls. 
 
Statistical analyses showed a negatively skewed distribution only on the memory 
index Paired Associates with a significant Shapiro-Wilk test. However, a Shapiro-Wilk test 
often is significant in samples larger than fifty participants (N>50). Our sample of the healthy 
control group consisted of 254 participants. A second possibility to test skewness is using the 
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Wilk statistic. If the Wilk statistic is larger than W > 0.900 a normal distribution can be 
assumed. Using the Wilk statistic, normality can be assumed in both memory indexes of the 
healthy control group and Free Recall in MCI patients. Positively skewed distributions can be 
assumed in the Paired Associate index of MCI patients and both indexes of AD patients. A 
third measurement used was the ratio between the skewness statistic and the standard error 
producing a z score (Field, 2009). The Paired Associates index of healthy controls was again 
negatively skewed whereas the Free Recall subscale was normally distributed. Paired 
Associate Learning in MCI patients was also not normally distributed as well as Free Recall 
in AD patients. This is supported with the Paired Associates mean score of approximately 
76 % of the total score of healthy controls. A substantial part of the sample scored above the 
mean indicating that healthy participants can complete the Paired Associates subscale 
relatively easy. MCI and AD patients however have difficulties reaching a score at the higher 
range. They only achieve 32 %, respectively 18 % on average of the total score. 
Distribution of unstandardized residuals controlling for demographic variables remained 
slightly negatively skewed in the Paired Associates index of healthy controls and MCI 
patients. Thus, although the VAT-E Paired Associates subscale was extended to 24 items, 
there still is a negatively skewed distribution in the healthy control group meaning that either 
the subtest is not difficult enough for some participants reaching the maximum score or there 
are other influencing factors e.g. demographic variables.  
 
Therefore the second hypothesis, no influence of the demographic variables gender, 
age and educational level on the distribution of scores was examined but could not completely 
be established. Inspection of regression weights showed no significant predictors in the Paired 
Associate Learning index. This is in accordance with previous research of the original VAT 
stating demographic variables are of no influence on the score distribution (Lindeboom, 
2014). In contrast, all predictors of the Free Recall index were significant. No Free Recall 
scale is part of the original VAT, thus not comparable with the VAT-E memory subscale. 
However, similar tests as used in the Rey Auditory Verbal Learning Test (RAVLT) which is a 
widely used and sensitive test of verbal learning and episodic memory research showed that 
performance is afflicted by demographic variables e.g. gender, age and educational level 
(Schoenberg et al, 2006). In our study age is a negative significant predictor whereas 
educational level is a positive significant predicator in the Free Recall index.  
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Notably, a positive aspect of our study is the large sample size of 254 participants in 
the Healthy control group. The Central Limit Theory states that sample sizes larger than 30 
participants will be approximately normal regardless of the underlying distribution of 
variables (Tabachnik et al, 2007; Field, 2009). In our case that would be an advantage given 
the large sample size of our study e.g. when conducting parametric tests within the sample or 
between subsamples. However, we explored also another possibility to deal with a skewed 
distribution. 
Transformation of variables can be a solution to perform parametric statistical 
analyses. This involves mathematically modifying the scores until the distribution looks 
normal. There are different types of transformation (Tabachnik et al, 2007; Pallant 2013). As 
in our case we found a negatively skewed distribution reflected Log 10 as well as reflected 
square root transformation showed a normalization of data within Paired Associate Learning 
index of the healthy control group. On the one hand, this had a beneficial effect on the 
distribution of Paired Associate scores of healthy controls, but on the other hand, it caused a 
skewed distribution on the Paired Associate scores of MCI and AD patients. To conduct 
parametric tests and to compare the outcome, all variables involved have to be transformed. In 
our study we showed that within the Paired Associate Learning scores of the healthy controls 
a normal distribution can be reached with transformation of de dependent variable. 
The third hypothesis, a strong relationship between the Cognitive Screening Test 
(CST) measuring the severity of cognitive decline and the VAT-E memory indexes in 
MCI/AD patients could not be established. The Spearman correlation between CST and AD 
patients’ Free Recall is moderate and significant (r=0.525) explaining 27.5% of the variance. 
A weak correlation is shown between CST and Paired Associates learning (r= 0.294) in MCI 
patients.  CST scores and Free Recall of healthy controls  showed a small but significant 
correlation (r=0.208) whereas Free Recall of MCI patients  achieved only a weak and non-
significant correlation (r=0.159).  However, restricted range could play an important role as 
CST scores were (highly) negatively skewed in MCI patients and ceiling effects were present 
in healthy controls with 43% of the participants achieving the maximum score of 20. Thus, 
choosing another test to associate the memory indexes with the severity of cognitive 
impairment could have been preferable excluding restricted range and ceiling effects as 
causes of no strong correlations between the variables .  
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This is the first study which focussed on examining the VAT-E memory subscales 
with regard to psychometric qualities especially possible ceiling effects.  Other research 
concerning the VAT-E concentrated on different aspects of the test e.g. symptom validity 
(Meyer et al, 2017) and executive control (Oudshorn et al, 2015). However, other similar 
assessment tools testing episodic memory were examined on psychometric qualities and 
ceiling effects. The Rivermead Behavioural Memory Test e.g. showed ceiling effects in his 
original form probably caused by the low number of stimuli which made the test relatively 
easy. Revising the test by increasing complexity and the number of stimuli and developing a 
new subtest showed a substantial decrease of ceiling effects. In this research both versions, de 
original test as well as the revised form, were tested on the same participants and compared 
with each other with regard to ceiling effects. (Wester et al, 2013). This could be also a 
consideration for further research on the VAT-E memory subscales. In our study VAT-E 
Paired Associate Learning index was also extended from six or twelve to 24 items and 
complexity was increased by developing the Free Recall subscale resulting in an only slightly 
skewed distribution of scores in the Paired Associate index and a normal distribution in the 
Free Recall subscale. Uttl et al (2005) used in their research verbal paired associate learning 
tests of different lengths. When shortening the word lists, ceiling effects occurred whereas 
with lengthening the tests, the latter decreased.  
Our findings are an important contribution in examining some psychometric qualities 
of the VAT-E. Clinically the VAT in his original form showed ceiling effects  meaning that 
patients with only very mild episodic memory impairment, as it occurs in the first stages of 
MCI of AD, could not be differentiated from healthy persons. However, a perfectly normal 
distribution was found in the VAT-E Free Recall subtest and a slightly negatively skewed 
distribution on the VAT-E Paired Associate index in healthy controls. Thus, 48 items of the 
Free Recall index can differentiate between good, very good and even outstanding memory as 
well as poor memory. This also applies to a lesser degree to the Paired Associate index. Thus, 
mild cognitive impairment can be detected in a very early stage giving the opportunity to take 
precautions with regard to social support, neuropsychological treatment, health care in general 
and family counselling. Secondly, a moderate but significant  association between the 
Cognitive Screening Test (CST) and the Free Recall index of AD patients could be 
established meaning that the VAT-E can be used in a test battery measuring the severity of 
cognitive decline. Next to the other qualities shown in previous research, the VAT-E memory 
indexes seem to be very valuable as episodic memory assessment tools.  
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Our study has some limitations. Main focus of this study was on healthy controls. 
However, we compared learning in HC to MCI and AD patients. Patient samples were small 
and sample sizes of the groups differed significantly. The AD patient group consisted of 
twenty-six participants which does not meet the assumptions in some statistical analyses. 
Thus, continuing to extend the sample size is important for further research. Secondly, 
education level of the healthy control group is negatively skewed (m=5.36, med: 5.0) in 
contrast to the MCI (m=4.26; med=4.0) and AD patients (m=4.31, med=4.0). The healthy 
control group was younger than the patient groups, as many participants were a son or 
daughter who accompanied the patients during the memory clinic visits. These findings could 
reflect cohort effects meaning that the children of patients are generally higher educated than 
their parents. It remains important to recruit lower educated healthy individuals to reach a 
normal distributed sample in healthy controls with respect to educational level. Thirdly, as the 
Cognitive Screening Test (CST) showed ceiling effects in MCI patients, probably causing a 
restriction of range, another instrument for examining the correlation between severity of 
cognitive decline and the VAT-E memory indexes concerning the third hypothesis would 
have been preferable.  
Our goal was to examine score distributions of the VAT-E memory subscales and we 
showed that these are clinically valuable and statistically sound measures of episodic memory 
in healthy controls. Reaching near maximum or maximum scores on the Free Recall subscale 
is difficult even for healthy controls. The extended version of the Paired Associate Learning 
index showed a skewed distribution but only a slight ceiling effect depending on which 
criterion is used. Moreover, we showed that severity of cognitive impairment is associated 
with episodic memory impairment as measured with the VAT-E. Present findings indicate 
that the VAT-E is a statistically valuable instrument measuring episodic memory in MCI and 
AD patients as well as in healthy persons. 
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6. Appendix 
 
Figure 1: Histogram of unstandardized residuals of Paired Associates and Free Recall scores 
of healthy controls 
 
 
Figure 2: Histogram of unstandardized residuals of Paired Associates and Free Recall scores 
of MCI patients 
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Figure 3: Histogram of unstandardized residuals of Paired Associates and Free Recall scores 
of AD patients 
 
 
 
Figure 4: Distribution of Paired Associates scores of healthy controls after Log 10 and Square 
root transformation 
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Figure 5: Distribution of Paired Associates scores of MCI patients after Log 10 and Square 
root transformation 
 
 
 
 
Figure 6: Distribution of Paired Associaties scores of AD patients after Log 10 and square 
root transformation 
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Figure 13: Scatterplot: correlation between Paired Associates scores and CST scores of 
healthy controls 
 
 
 
 
Figure 14: Scatterplot: correlation between Paired Associates scores and CST scores of MCI 
patients 
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Figure 15: Scatterplot: correlation between Paired Associates scores and CST scores of AD 
patients 
 
 
 
 
 
Figure 16: Scatterplot: correlation between Free Recall scores and CST scores of healthy 
controls 
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Figure 17: Scatterplot: correlation between Free Recall scores and CST scores of MCI 
patients 
 
 
 
 
Figure 18: Scatterplot: correlation between Free Recall scores and CST scores of AD 
patients 
 
 
 
 
